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Wind t u n n e l  f o r c e  and p r e s s u r e  tes ts  h a v e  been conduc ted  
f o r  t h e  GA(WJ-1 a i r f o i l  e q u i p p e d  w i t h  a 2 0 %  a i l e r o n ,  and pres- 
s u r e  t e s t s  have  been c o n d u c t e d  w i t h  a 30% Fowler  f l a p .  A l l  
t e s t s  w e r e  c o n d u c t e d  a t  a Reynolds number of 2 . 2  x lo6 and a 
Mach number o f  0 . 1 3 .  The a i l e r o n  p r o v i d e s  c o n t r o l  e f f e c t i v e -  
n e s s  s i m i l a r  t o  a i l e r o n s  a p p l i e d  t o  more c o n v e n t i o n a l  a i r f o i l s .  
E f f e c t s  o f  a i l e r o n  gaps  from 0 %  t o  2 %  c h o r d  were e v a l u a t e d ,  as 
w e l l  as h i n g e  moment c h a r a c t e r i s t i c s .  The a f t  camber of t h e  
G A ( W ) - 1  s e c t i o n  r e s u l t s  i n  a s u b s t a n t i a l  u p - a i l e r o n  moment, 
b u t  t h e  h i n g e  moments a s s o c i a t e d  w i t h  a i l e r o n  d e f l e c t i o n  are 
s imi l a r  t o  o t h e r  c o n f i g u r a t i o n s .  
Fowler  f l a p  p r e s s u r e  d i s t r i b u t i o n s  i n d i c a t e  t h a t  unsepa-  
r a t e d  f low is a c h i e v e d  f o r  f l a p  s e t t i n g s  up t o  40°, o v e r  a 
l i m i t e d  a n g l e  of a t t a c k  r a n g e  T h e o r e t i c a l  p r e s s u r e  d i s t r i -  
b u t i o n s  compare f a v o r a b l y  w i t h  e x p e r i m e n t  f o r  l o w  f l a p  d e f  lec- 
t i o n s ,  b u t  show s u b s t a n t i a l  e r r o r s  a t  l a r g e  d e f l e c t i o n s .  
iii 

I N T R O D U C T I O N  
The h i g h  pe r fo rmance  p o s s i b l e  w i t h  t h e  new GA(W)-1 a i r f o i l  
and a i r f o i l - f l a p  c o m b i n a t i o n s  h a s  been  r e p o r t e d  e a r l i e r  ( R e f s .  
1 , 2 , 3 ) .  The  p r e s e n t  r e p o r t  documents f o r c e  and p r e s s u r e  tests 
of t h e  a i r f o i l  f i t t e d  w i t h  a 2 0 %  a i l e r o n ,  and p r e s s u r e  s t u d i e s  
of t h e  a i r f o i l  w i t h  a 30% Fowler  f l a p .  
All e x p e r i m e n t a l  t e s t s  r e p o r t e d  h e r e i n  were conduc ted  i n  
t h e  Walter Beech Memorial Wind Tunnel  a t  W i c h i t a  S t a t e  U n i v e r s i t y  
SYMBOLS 
The f o r c e  and moment d a t a  have  been r e f e r r e d  t o  t h e  . 25c  lo- 
c a t i o n  on t h e  f l a p - n e s t e d  a i r f o i l .  D imens iona l  q u a n t i t i e s  are  
g i v e n  i n  b o t h  I n t e r n a t i o n a l  ( S I )  U n i t s  and U . S .  Customary U n i t s .  
Measurements w e r e  made i n  U. S. Custov.ary U n i t s .  Conver s ion  f a c -  
t o r s  be tween t h e  v a r i o u s  u n i t s  may b e  found i n  r e f e r e n c e  4 .  The 










A i r f o i l  r e f e r e n c e  c h o r d  ( f  l a p - n e s t e d )  
A i r f o i l  s e c t i o n  d r a g  c o e f f i c i e n t ,  s e c t i o n  d r a g /  
(dynamic p r e s s u r e  x c h o r d )  
F l a p  chord 
C o n t r o l  s u r f a c e  h i n g e  moment c o e f f i c i e n t ,  s e c t i o n  moment/ 
(dynamic p r e s s u r e  x c o n t r o l  s u r f a c e  r e f e r e n c e  c h o r d 2 )  
A i r f o i l  s e c t i o n  l i f t  c o e f f i c i e n t ,  s e c t i o n  l i f t / ( d y n a m i c  
p r e s s u r e  x c h o r d )  
A i r f o i l  s e c t i o n  p i t c h i n g  moment c o e f f i c i e n t  w i t h  r e s p e c t  
t o  t h e  . 2 5 c  l o c a t i o n ,  s e c t i o n  moment/(dynamic p r e s s u r e  
x c h o r d 2 )  
A i r f o i l  o r  f l a p  normal f o r c e  c o e f f i c i e n t ,  s e c t i o n  normal  
f o r c e /  (dynamic p r e s s u r e  x c h o r d )  
C o e f f i c i e n t  o f  p r e s s u r e ,  (p-p,)/dynamic p r e s s u r e  
k c  Cove l e n g t h  
p S t a t i c  p r e s s u r e  
x C o o r d i n a t e  p a r a l l e l  t o  a i r f o i l  cho rd  
z C o o r d i n a t e  normal t o  a i r f o i l  c h o r d  
a Angle of a t t a c k ,  d e g r e e s  
A I n c r e m e n t  
6 R o t a t i o n  o f  s u r f a c e  from n e s t e d  p o s i t i o n ,  d e g r e e s  
1 
S u b s c r i p t s :  
a A i l e r o n  
f F l a p  
p P i v o t  
m R e m o t e  f r e e - s t r e a m  v a l u e  
APPARATUS FJJD TEST PJIETHODS 
Model D e s c r i p t i o n  
The GA(W)-1 a i r f o i l  i s  a 1 7 %  maximum t h i c k n e s s  s e c t i o n  d e v e l -  
oped a t  t h e  NASA Langley  Resea rch  C e n t e r  (Ref .  1 ) .  F o r  tes ts  i n  
t h e  W S U  two-dimens iona l  f a c i l i t y ,  models  are s i z e d  w i t h  a 9 1 . 4  c m  
( 3 6  i n c h )  s p a n  and 6 1 . 0  c m  (24  i n c h )  chord .  The fo rward  s e c t i o n  
o f  t h e  model w a s  f a b r i c a t e d  from l a m i n a t e d  manogany bonded t o  a 
2 . 5  c m  x 3 4 . 8  c m  (I i n c h  x 1 3 . 7  i n c h )  aluminum spar .  Wing t r a i l -  
i n g  s e c t i o n s  t o  match e a c h  f l a p  and a i l e r o n  were f a b r i c a t e d  from 
s o l i d  aluminum as w e r e  t h e  f l a p s  and a i l e r o n s .  A i r f o i l  and f l a p  
o r  a i l e r o n  are mounted on 1 0 7  c m  ( 4 2  i n c h )  d i a m e t e r  end  p l a t e s .  
A s e t  o f  e x t e r n a l  b r a c k e t s  p e r m i t  p o s i t i o n i n g  of  f l a p  o r  a i l e r o n  
w i t h o u t  d i s t u r b i n g  t h e  f low o v e r  t h e  model.  Models a re  f i t t e d  
w i t h  f l u s h  tubes f o r  s t a t i c  p r e s s u r e  s u r v e y s .  Geometric c o n t o u r  
d e t a i l s  are g i v e n  i n  f i g u r e  1. 
A s  shown, t h e  2 0 %  a i l e r o n  model h a s  i n s e r t s  t o  p e r m i t  t es t s  
w i t h  l e a d i n g  edge  gaps  o f  2 % ,  l%, and 0 . 5 %  chord .  T e s t s  were made 
w i t h  z e r o  gap  by s e a l i n g  t h e  s l o t  w i t h  c l o t h - b a c k e d  a d h e s i v e  t a p e  
a p p l i e d  t o  t h e  a i r f o i l  lower  s u r f a c e .  
The Fowler  f l a p  h a s  3 0 %  chord  w i t h  f u l l  Fowler  a c t i o n  p o s s i b l e  
as shown i n  f i g u r e  l ( b ) .  The f o r c e  c h a r a c t e r i s t i c s  and o p t i m i z a t i o n  
o f  t h i s  a i r f o i l - f l a p  combina t ion  have  been  r e p o r t e d  i n  r e f e r e n c e  2 .  
Per formance  w i t h  s p o i l e r s  h a s  been  r e p o r t e d  i n  r e f e r e n c e s  3 and 5 .  
The p u r p o s e  o f  t h e  p r e s e n t  r e s e a r c h  i s  t o  p r o v i d e  s u r f a c e  p r e s s u r e  
d i s t r i b u t i o n  and f l a p  loads i n f o r m a t i o n  f o r  optimum f l a p  s e t t i n g s .  
A l l  t e s t s  w e r e  conduc ted  w i t h  t r a n s i t i o n  f i x e d  by 2 . 5  mm 
(0.10 i n c h )  wide s t r i p s  o f  4480 carborundum g r i t  located a t  5% 
c h o r d  on upper  and lower s u r f a c e s .  
I n s t r u m e n t a t i o n  
Pressure s t u d i e s  are conduc ted  by m u l t i p l e x i n g  as many as 96 
p r e s s u r e  p o r t s  t h r o u g h  f o u r  p r e s s u r e  t r a n s d u c e r s  by  means of  a s e t  
2 
of p r e s s u r e  s c a n n i n g  s w i t c h e s .  The t u n n e l  i s  e q u i p p e d  w i t h  a 
semi-automated  d a t a  sys t em which c o n v e r t s  a n a l o g  f o r c e  and p r e s -  
s u r e  o u t p u t  s i g n a l s  t o  d i g i t a l  form,  and r e c o r d s  t h e  d a t a  on 
punch c a r d s .  Computa t iona l  a n a l y s i s  and computer  q r a p h i c s  are 
done th rough  t h e  U n i v e r s i t y  D i g i t a l  Computinq C e n t e r .  
T e s t  P r o c e d u r e  
A l l  t e s t s  w e r e  conduc ted  a t  a Reynolds  number o f  2 . 2  x 1 0  6 
and Mach number of 0 . 1 3 .  L i f t ,  d r a g  and p i t c h i n g  moment d a t a  
a re  o b t a i n e d  by d i r e c t  l o a d  c e l l  measurements  f rom t h e  t u n n e l  
main b a l a n c e .  Drag d a t a  are c o r r e c t e d  f o r  end  p l a t e  t a re  d r a g  
b a s e d  upon wake s u r v e y  d r a g  measurements  conduc ted  w i t h  t h e  un- 
f l a p p e d  a i r f o i l .  
Wind Tunnel  
The WSU Walter Beech Tunnel  i s  a c l o s e d  r e t u r n  t u n n e l  w i t h  
atmospheric tes t  s e c t i o n  s t a t i c  p r e s s u r e .  The t e s t  s e c t i o n  w i t h  
two-dimens iona l  i n s e r t s  is 0 . 9 1  m x 2 . 1 3  m ( 3  f e e t  x 7 f e e t ) .  
Complete d e s c r i p t i o n  o f  t h e  i n s e r t  and c a l i b r a t i o n  d e t a i  Is are 
g i v e n  i n  r e f e r e n c e  6 .  
TEST RESULTS 
F o r c e  T e s t s  w i t h  2 0 %  A i l e r o n  
R e s u l t s  o f  th ree-component  f o r c e  measurements  are shown i n  
f i g u r e s  2 t h r o u g h  4 f o r  0 % ,  0 . 5 % ,  1% and 2 %  a i l e r o n  gaps .  C r o s s -  
p l o t s  o f  i m p o r t a n t  i n c r e m e n t a l  e f f e c t s  o f  a i l e r o n  d e f l e c t i o n  are 
shown i n  f i g u r e s  5 t h r o u g h  7 .  
These  d a t a  show t h a t  t h e  a i l e r o n  p r o v i d e s  p o s i t i v e  c o n t r o l  
r e s p o n s e  € o r  d e f l e c t i o n s  from -60"  t o  +60° t h r o u g h o u t  t h e  a n g l e  
of a t t a c k  r ange  p r i o r  t o  s t a l l .  
From t h e  cI1 v s .  a l p h a  curves , it  i s  o b s e r v e d  t h a t  down a i l e -  
ron  r e s u l t s  i n  e a r l y  s t a l l i n g ,  and c o n v e r s e l y  f o r  up a i l e r o n .  T h i s  
means t h a t  c o n t r o l  r e v e r s a l  occurs a t  p o s t - s t a l l  a n g l e s  o f  a t t a c k .  
While  t h i s  i s  n o t  a d e s i r a b l e  c h a r a c t e r i s t i c ,  it i s  t y p i c a l  a i l e r o n  
b e h a v i o r ,  and i s  n o t  p e c u l i a r  t o  t h e  G A ( W ) - 1  a i r f o i l .  
P i t c h i n g  moment d a t a  r e f l ec t  a nose-down t endency  €or  downward 
a i l e r o n  d e f l e c t i o n s .  Drag da ta  r e f l e c t  a t endency  toward  g r e a t e r  
3 
d r a g  i n c r e a s e  f o r  down a i l e ron  t h a n  f o r  up  a i l e r o n .  T h i s  d r a g  
d i f f e r e n c e  w i l l  p roduce  a d v e r s e  yawing moments on a f i n i t e  span  
wing.  I t  must be  remembered, however ,  t h a t  t h e  p r i n c i p a l  c o n t r i -  
b u t i o n  t o  a i l e r o n  a d v e r s e  yaw is  induced  d r a g .  
E f f e c t s  of  a i l e r o n  s l o t  gap open ing  are i l l u s t r a t e d  by com- 
p a r i n g  t h e  v a r i o u s  f i g u r e s .  F i g u r e s  5 ( a )  t h rough  5 ( d )  show t h a t  
open ing  t h e  gap from 0 %  t o  2 . 0 %  r e s u l t s  i n  o n l y  v e r y  s l i g h t  de- 
g r a d a t i o n  o f  c o n t r o l  a u t h o r i t y .  C l o s e  e x a m i n a t i o n  o f  f i g u r e s  
3 ( a )  t h rough  3 ( d )  shows t h a t  t h e  most  s i g n i f i c a n t  e f f e c t  o f  gap  
open ing  i s  t o  increase  t h e  b a s i c  s e c t i o n  d r a g  w i t h  z e r o  a i l e r o n  
d e f l e c t i o n .  T h i s  e f f e c t  becomes more pronounced as l i f t  c o e f f i -  
c i e n t  i s  i n c r e a s e d .  Gaps o f  0 . 5 %  and 1% a c t u a l l y  i n c r e a s e  cRmax 
s l i g h t l y ,  e v i d e n t l y  as a r e s u l t  o f  t h e  boundary  l a y e r  e n e r g i z a t i o n  
p r o v i d e d .  A gap  o f  0 . 5 %  would seem t o  b e  a good compromise,  p ro-  
v i d i n g  a d e q u a t e  c l e a r a n c e  w i t h  minimal  p e n a l t y .  
P r e s s u r e  T e s t s  w i t h  2 0 %  A i l e r o n  
P r e s s u r e  s u r v e y s  w e r e  conduc ted  f o r  -10' t o  +loo a i l e r o n  w i t h  
zero gap  t o  d e t e r m i n e  whe the r  gap  s e a l i n g  had  any s i g n i f i c a n t  i n -  
f l u e n c e  ( f i g u r e  8 ) .  Because o f  t h e  e x t e n s i v e  t i m e  r e q u i r e d  t o  ob- 
t a i n  p r e s s u r e  d a t a ,  comple t e  p r e s s u r e  s u r v e y s  w e r e  conduc ted  o n l y  
f o r  t h e  0 . 5 %  gap  c o n f i g u r a t i o n  ( f i g u r e  9 ) .  Comparison of  f i g u r e s  
8 and 9 shows t h a t  t h e  gap  h a s  l i t t l e  e f f e c t  on o v e r a l l  p r e s s u r e  
d i s t r i b u t i o n s .  
A i l e r o n  h i n g e  moment d a t a  w i t h  r e s p e c t  t o  t h e  8 0 %  c h o r d  h i n g e -  
l i n e  l o c a t i o n  were o b t a i n e d  by n u m e r i c a l  i n t e g r a t i o n  o f  t h e  s u r f a c e  
p r e s s u r e  d a t a .  R e s u l t s  o f  t h i s  a n a l y s i s  are  shown i n  f i g u r e  1 0 .  
The d a t a  show t h a t  t h e  h i n g e  moment v a r i a t i o n  i s  n e a r l y  l i n e a r  w i t h  
a i l e r o n  d e f l e c t i o n .  The 0 . 5 %  gap h a s  n e g l i g i b l e  e f f e c t  on h i n g e  mo-  
ment.  The a i l e r o n  i s  s u b j e c t e d  t o  l a r g e  u p - a i l e r o n  moments w i t h  
z e r o  d e f l e c t i o n  a t  h i g h  a n g l e s  of  a t t a c k .  T h i s  i s  a t t r i b u t e d  t o  t h e  
r e l a t i v e l y  l a r g e  camber n e a r  t h e  t r a i l i n q  edge  which c h a r a c t e r i z e s  
t h e  GA(W)-1 a i r f o i l  s e c t i o n .  
P r e s s u r e  Tests w i t h  3 0 %  Fowler  F l a p  
Optimum s e t t i n g s  f o r  t h e  3 0 %  Fowler  f l a p  w e r e  d e t e r r r i n e d  from 
f o r c e  t es t s  r e p o r t e d  e a r l i e r  (Ref .  2 ) .  Subsequen t  t o  t h o s e  t e s t s ,  
4 
a s l i g h t l y  m o d i f i e d  40' f l a p  s e t t i n g  w a s  d e v e l o p e d  t o  s i m p l i f y  
f l a p  t r a c k  d e s i g n .  The cR vs .  c1 per fo rmance  w i t h  o r i g i n a l  and 
m o d i f i e d  f l a p  s e t t i n g s  i s  e s s e n t i a l l y  t h e  same, as shown i n  f i g -  
u r e  11. The p r e s s u r e  d a t a  p r e s e n t e d  h e r e  were o b t a i n e d  w i t h  t h e  
m o d i f i e d  s e t t i n g  f o r  40° f l a p ,  and o r i g i n a l  s e t t i n g s  f o r  a l l  
o ther  f l a p  d e f l e c t i o n s .  E x p e r i m e n t a l  p r e s s u r e  d i s t r i b u t i o n s  are 
p r e s e n t e d  i n  f i g u r e  1 2 .  
The f l a p  cove on t h i s  model h a s  a f a i r l y  a b r u p t  e n t r y .  Theo- 
r e t i c a l  a n a l y s i s  o f  t h e  a i r f o i l - f  l a p  combina t ion  ( u s i n g  t h e  method 
of r e f e r e n c e  7 )  w i t h  t h e  t r u e  cove s h a p e  i n v a r i a b l y  r e s u l t s  i n  a 
computer  p r e d i c t i o n  o f  f low s e p a r a t i o n  a t  t h e  cove  e n t r y .  I t  w a s  
e x p e r i m e n t a l l y  o b s e r v e d  t h a t  t h e  f l o w  does  separa te  i n  t h e  r e g i o n ,  
b u t  r e a t t a c h m e n t  o c c u r s  ahead  of t h e  s l o t  e x i t .  S i n c e  t h e  p r e s e n t  
t h e o r e t i c a l  t e c h n i q u e s  do  n o t  a c c o u n t  f o r  f l o w  r e a t t a c h m e n t ,  i t  w a s  
d e c i d e d  t h a t  t h e  e f f e c t i v e  a i r f o i l  c o n t o u r  s h o u l d  b e  m o d i f i e d  i n  
t h e  cove r e g i o n  t o  approx ima te  t h e  s e p a r a t i o n  and r e a t t a c h m e n t .  
F i g u r e  1 3  compares  r e s u l t s  o f  a n a l y s e s  u s i n g  t h r e e  cove c o n t o u r s  
w i t h  an e x p e r i m e n t a l  p r e s s u r e  d i s t r i b u t i o n  f o r  30' f l a p  a t  1 0 . 3 '  
a n g l e  o f  a t t a c k .  
Based upon t h e s e  r e s u l t s ,  a d e c i s i o n  w a s  made t o  approx ima te  
t h e  e f f e c t i v e  shape  o f  t h e  f r e e  s t r e a m l i n e  w i t h i n  t h e  cove by a 
s t r a i g h t  l i n e  from t h e  cove e n t r a n c e  t o  t h e  75% assumed r e a t t a c h -  
ment l o c a t i o n .  I t  i s  s e e n  t h a t  t h i s  m o d i f i c a t i o n  r e s u l t s  i n  con- 
s iderable  improvement i n  t h e  p r e d i c t i o n  of p r e s s u r e s  n e a r  t h e  a i r -  
f o i l  t r a i l i n g  edge .  Two a d d i t i o n a l  d i f f i c u l t i e s  a r i s e  i n  u t i l i z -  
i n g  t h e  t h e o r e t i c a l  computing r o u t i n e .  F i r s t ,  t h e  c o m p u t a t i o n a l  
program may i n d i c a t e  f low s e p a r a t i o n .  I f  s e p a r a t i o n  i s  p r e s e n t  
a t  0 . 9 5 ~  o r  f u r t h e r  a f t ,  l i t t l e  change i n  p r e s s u r e  d i s t r i b u t i o n  i s  
e x p e c t e d ,  and t h e  program r e s u l t s  are p r o b a b l y  v a l i d .  However, i f  
a s u b s t a n t i a l  r e g i o n  o f  s e p a r a t i o n  i s  p r e s e n t ,  l a r g e  chanqes  i n  
p r e s s u r e s  are e x p e c t e d .  C a l c u l a t i o n  o f  s e p a r a t e d  f low cases i s  
beyond t h e  c a p a b i l i t y  o f  t h e  p r e s e n t  computer  program,  and t h e r e -  
f o r e  c o m p u t e r - p r e d i c t e d  p r e s s u r e  d i s t r i b u t i o n s  are  p r o b a b l y  i n -  
v a l i d  f o r  t h e s e  cases.  
The second  c o m p u t a t i o n a l  d i f f i c u l t y  i n v o l v e s  a n a l y s i s  o f  t h e  
c o n f l u e n c e  of  t h e  f l a p  and a i r f o i l  boundary  l a y e r s .  I n  a number 
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o f  cases t h e  program p r i n t s  a " c o n f l u e n t  boundary  l a y e r  e r ror"  
message,  i n d i c a t i n g  t h a t  s l o t  f l ow v e l o c i t y  and  o u t e r  f l ow v e l o -  
c i t y  are  n o t  w i t h i n  l i m i t s  s p e c i f i e d  i n  t h e  program. No means 
f o r  o b t a i n i n g  proper convergence  f o r  t h e s e  cases are  p r e s e n t l y  
p r o v i d e d  by t h e  program. 
F i g u r e s  1 4  t h r o u g h  1 7  compare t h e o r e t i c a l  p r e s s u r e  d i s t r i -  
b u t i o n s  w i t h ' e x p e r i m e n t a l  d i s t r i b u t i o n s  f o r  a number o f  cases. 
Normal f o r c e  c o e f f i c i e n t s  f o r  a i r f o i l  and f l a p  o b t a i n e d  from i n -  
t e g r a t i o n  o f  s u r f a c e  p r e s s u r e s  are a l s o  compared w i t h  t h e o r y  i n  
t h e s e  f i g u r e s .  The agreement  i s  g e n e r a l l y  q u i t e  good f o r  f l a p  
d e f l e c t i o n s  up t o  30' and a n g l e s  of  a t t a c k  below s t a l l .  F o r  40' 
f l a p  I t h e  t h e o r y  c o n s i s t e n t l y  o v e r - p r e d i c t s  t h e  f l a p  uppe r  s u r -  
f a c e  p r e s s u r e s  I i n d i c a t i n g  t h a t  t h e  f l a p  boundary  l a y e r  i s  t h i c k -  
e r  t h a n  t h e  t h e o r e t i c a l  p r e d i c t i o n .  
U n f o r t u n a t e l y  p r e d i c t i o n s  o f  s e p a r a t i o n  are i n c o n s i s t e n t ,  
and f r e q u e n t  c o n f l u e n t  boundary l a y e r  e r r o r s  w e r e  e n c o u n t e r e d .  
CONCLUSIONS 
1. F o r c e  and p r e s s u r e  tests have  shown t h a t  a i l e r o n  c h a r a c -  
ter is t ics  f o r  t h e  GA(W)-1 a i r f o i l  are n o t  u n l i k e  a i r f o i l s  w i t h  
more c o n v e n t i o n a l  camber and t h i c k n e s s  d i s t r i b u t i o n s .  The a i r -  
f o i l  p r o v i d e s  e x c e l l e n t  a i l e r o n  c o n t r o l  e f f e c t i v e n e s s .  
2 .  Hinge moment c h a r a c t e r i s t i c s  of  an a i l e r o n  a p p l i e d  t o  
t h e  G A ( W ) - 1  a i r f o i l  a re  r e a s o n a b l y  l i n e a r  and o f  e x p e c t e d  magni- 
t u d e s .  The a i r f o i l  a f t  camber i n h e r e n t  t o  t h i s  s e c t i o n  does re- 
s u l t  i n  r a the r  large u p - a i l e r o n  moments, p a r t i c u l a r l y  a t  l a r g e  
a n g l e s  o f  a t t a c k .  
3. P r e s s u r e  d i s t r i b u t i o n s  f o r  a 3 0 %  Fowler  f l a p  a p p l i e d  t o  
t h e  G A ( W ) - 1  a i r f o i l  i n d i c a t e  t h a t  w i t h  p r o p e r  gap  and o v e r l a p ,  
a t t a c h e d  f low can  b e  p r o v i d e d  f o r  f l a p  d e f l e c t i o n s  up t o  40°, a t  
least  f o r  a l i m i t e d  a n g l e  o f  a t t a c k  r a n g e .  P r e s e n t  v i s c o u s  f low 
c o m p u t a t i o n a l  model ing  i s  i n a d e q u a t e  f o r  many p r a c t i c a l  f l a p  cove 
d e s i g n s  i n  which f low s e p a r a t i o n  and r e a t t a c h m e n t  o c c u r .  
A e r o n a u t i c a l  E n g i n e e r i n g  Department  
W i c h i t a  S t a t e  U n i v e r s i t y  
W i c h i t a ,  Kansas  6 7 2 0 8  
August 1 9  76  
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Flagged Symbols Denote L o w e r  Surface Pressures 
\ 
(a) -10' Aileron, Large e ' s .  

















( b )  -10" Aileron, Moderate  a ' s .  








( c )  - 5 O  A i l e r o n ,  Large a ' s .  















( d )  -5' A i l e r o n ,  Moderate a ' s .  














(e) 0" Aileron, Large a's. 
















( f )  0' A i l e r o n ,  Moderate  a ' s .  















v Eoo  
16 
w c  1-00 
(9) + S o  A i l e r o n ,  Large a ' s .  
F i g u r e  8 - Continued. 

















(h) + 5 O  A i l e r o n ,  Moderate a ' s .  
F i g u r e  8 - Continued. 
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"DS m- = 2.2 E 06 
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(i) + l o o  Aileron, Large a ' s .  
Figure 8 - Continued. 







-2 - 00 
-1.00 
S ” M a  ALPHA 
(1) + l o o  Aileron, Moderate a’s. 
Figure 8 - Concluded. 
















Flagged  Symbols Denote 
Lower S u r f a c e  P r e s s u r e s  
( a )  -60 '  Aileron, Large a ' s  














b 1 2 O  
16' .. 
x/c -a0 
(b) -60' A i l e r Q n ,  Moderqte a ' s .  
F i g u r e  9 - Cont inued .  
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(c) - 4 0 "  A i l e r o n ,  Large a's. 














, *  
'. 
AILER#\I u n c i r r m  =-4o-00 E- 
MACH M* = 0.13 
R3Na-E  M a  = 2-2 E 06 
S Y M B l l  ALPHA 
+ O0 
% Elo 




1 - 8 0  x/c 1-00 
(d) - 4 0 '  A i l e r o n ,  Moderate a ' s .  
F i g u r e  9 - Cont inued .  












1.00 x/c BO m x/c 1.00 
( e )  - 2 O O  A i l e r o n ,  Large  a's. 
F i g u r e  9 - Cont inued .  












*=eo x/c 1-00 
( f )  -20 '  A i l e r o n ,  Moderate a's. 
F i g u r e  9 - Cont inued .  








(9)  -10' Aileron, Large a's. 
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-2 = 00 
-1 *oo 
0.00 
1.00 c =EO X/C 1.00 
(h) -10' A i l e r o n ,  Modera te  a's. 
F i g u r e  9 - Cont inued .  









(i) -5"  A i l e r o n ,  Large  a ' s .  
F i g u r e  9 - Cont inued .  

















0 8 0  wc 1-00 
( j )  -5' Aileron, Moderate  a ' s .  
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(k) O o  Aileron, Large a's. 
Figure 9 - Continued. 
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v 16 
(1) O o  Aileron, Moderate a's. 
Figure 9 - Continued. 
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1-00 80 .€Q x/c 1.00 
(m) 5 '  A i l e r o n ,  Large a ' s .  
F i g u r e  9 - C o n t i n u e d .  
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( n )  5 "  A i l e r o n ,  Moderate  a ' s .  














b 2oo .c 
9 8 0  
I 
(0) l o o  Aileron, Large a ‘ s .  
Figure 9 - Continued. 
58 
-8 00 
-7 = 00 











( p )  10' Aileron, Moderate a's. 
Figure 9 - Continued. 
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(9) 2 0 "  A i l e r o n ,  Large  a ' s .  
F i g u r e  9 - Cont inued .  

















( r )  2 0 "  A i l e r o n ,  Modera te  a ' s .  
























( s )  4 0 "  Aileron, Large a ' s .  
Figure 9 - C o n t i n u e d .  
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(t) 4 0 °  Aileron, Moderate a's. 
Figure 9 - Continued. 



















( u )  60’  A i l e r o n ,  Large  a ’ s .  
F i g u r e  9 - Cont inued .  
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(v) 60° A i l e r o n ,  Modera te  a ' s .  
F i g u r e  9 - Concluded .  
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6 6  

F i g u r e  11 - L i f t  comparison between modified flap geometry 
and original flap geometry, 6 f  = 40'. 
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D 10.3"  
7 12.80 
F l a g g e d  Symbols Denote 
Lower S u r f a c e  Pressures 
W C  1.00 
(a) 1 0 '  Flap. 
Figure 1 2  - Experimental Pressure Distributions. 
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FLAP DEFLECTION = 2 0 . 0  DEGREES 
MACH NO. = 0 . 1 3  
REYNOLDS NO. = 2 . 2  E 0 6  
+ 0.10 
X 5 . 2 O  
0 10.3O 
12.8O v 
(b) 20'  Flap.  
F i g u r e  12 - Cont inued .  













F L A P  DEFLECTION = 3 0 . 0  DEGREES 
MACH NO. = 0 . 1 3  
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(c) 30' Flap.  
F i g u r e  1 2  - Continued. 
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(d) 40'  Flap .  
F i g u r e  1 2  - Concluded.  
7 2  
-1 
-1 
7 3  
7 4  

7 6  
F i g u r e  14 - concluded 
7 7  
7 8  
79  
Figure 1 5  - c o n t i n u e d  
8 0  
F i g u r e  1 5  - concluded 
8 1  
8 2  
Figure 16 - continued 
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Figure 16 - c o n t i n u e d  
8 4  
Figure  16 - concluded  
8 5  
GA(W)-l  w i t h  3 0 %  F l a p  
E x p e r i m e n t  
_ _ _ - -  T h e o r y  ( R e f .  7 )  
No c o n f l u e n t  b o u n d a r y  l a y e r  e r r o r  
(a) c1 = 0 . 2 0  
Figure 17 - Experimental and Theoretical Pressures,40° Flap 
8 6  
F i g u r e  17 - c o n t i n u e d  
8 7  
8 8  
F i g u r e  1 7  - coni ; inued 
8 9  
9 0  
NASA-Langley, 1977 CR-2833 
F i g u r e  17 - concluded 
91 

